Intracellular betaine substitutes for sorbitol in protecting renal medullary cells from hypertonicity.
Renal medullary cells are normally exposed to a variably high extracellular NaCl concentration. They compensate by accumulating large amounts of organic osmolytes, including sorbitol and betaine. The sorbitol is synthesized from glucose, catalyzed by aldose reductase. Previously, inhibition of aldose reductase activity was noted to greatly reduce renal medullary cell survival and growth (measured by cloning efficiency) in tissue cultures of renal medullary cells in hypertonic medium. In contrast, inhibition of aldose reductase and renal medullary sorbitol accumulation is not associated with kidney damage in vivo. In the present experiments we find that addition of betaine to the medium, and its resultant uptake by the cells, largely replaces the decrease in sorbitol caused by aldose reductase inhibitors and restores the cloning efficiency. We presume that in vivo uptake of betaine by renal medullary cells similarly protects them from harm when aldose reductase inhibitors lower sorbitol. The results also demonstrate that one organic osmolyte can substitute for another in protecting cells from hypertonicity, consistent with the compatible osmolytes hypothesis.